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(54) Cylinder with hybrid bore surface 

(57) An internal combustion engine cylinder bore 1 1 
has a hybrid surface to optimize both wear of the cylinder 
and oil consumption of the engine. The surface has a 
coarsely honed surface over at least one of a top portion 
14 and a bottom portion 16 of the bore surface 12. A 
mid-portion 18 disposed between the top portion 14 and 
the bottom portion 16 has a finely honed surface. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to improvements in 
surfaces of internal combustion engine cylinder bores. 

BACKGROUND OF THE INVENTION 

A surface of an internal combustion engine cylinder 
bore must satisfy the potentially competing goals of min- 
imizing both cylinder wear and lubrication oil consump- 
tion. Providing a surface which channels a plentiful sup- 
ply of lubrication oil along the cylinder bore surface as a 
means of minimizing wear may result in higher than de- 
sired consumption of lubrication oil. A perfectly smooth 
cylinder bore surface providing a minimum clearance fit 
with the piston rings would likely minimize lubrication oil 
consumption by preventing its passage beyond piston 
rings, but may result in increased wear of the cylinder 
and piston rings due to lack of lubrication. 

Two surface characteristics, porosity and rough- 
ness, have been the principal variables controlled in at- 
tempts to achieve an optimal hybrid surface that balanc- 
es wear with oil consumption objectives. In one ap- 
proach, bands of material having variant porosity char- 
acteristics are deposited in the cylinder bore at predeter- 
mined axial locations. After the deposition of various 
metals, the cylinder is honed, providing the bore with a 
generally common surface roughness with locally vary- 
ing porosities. 

In another approach, the entire cylinder bore is plat- 
ed with chromium, and is then honed to provide a rela- 
tively smooth surface therein. The ends of the cylinder 
bore surface are then masked off and the exposed center 
area subjected to a roughening treatment such as grit 
blasting. The result is a hybrid cylinder bore with a rough 
surface in the center of the bore and relatively smooth 
surfaces at the top and bottom of the bore. Yet, such 
masking operations are very time consuming and expen- 
sive to execute in high volume production. 

Therefore, known methods of providing hybrid cyl- 
inder bore surfaces do not provide a hybrid surface well 
suited for optimizing wear and oil consumption over the 
entire range of piston travel which is cost effective to pro- 
duce. 

SUMMARY OF THE INVENTION 

An internal combustion engine cylinder bore surface 
comprises at least one of a top portion and a bottom por- 
tion of the bore surface being coarsely honed. A mid-por- 
tion disposed between the top portion and the bottom 
portion has a finely honed surface. 

Also disclosed is a method of finishing an internal 
combustion engine cylinder bore surface comprising the 
steps of providing a cylinder bore in a piece of metal and 
providing at least one honing tool with a plurality of se- 




lectively engagable stones. The method also includes 
establishing a predetermined rotational speed between 
the honing tool and the metal, and inserting the honing 
tool into the bore. The honing stones are biased radially 

5 outward to engage them with the bore surface. Relative 
axial oscillation between the honing tool and the metal 
with the bore is established. The bore surface may there- 
by be roughly honed at both a top portion and a bottom 
portion with a smoothly honed surface at a mid portion 

10 disposed therebetween. 

The features of the present invention can be best 
understood from the following specification and draw- 
ings of which the folbwing is a brief description. 

1S BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of a honing tool used 
for the present invention aligned with a cylinder liner. 

Figure 2 is a cross-sectional view of a cylinder liner 
20 incorporating the present invention. 

Figure 3 is a diagrammatic representation of the 
honing tool with an alternative combination of stones pro- 
jected onto a flat surface. 

Figure 4 is a diagrammatic representation of a por- 
25 tion of the honing tool with a second alternative combi- 
nation of stones projected onto a flat surface. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

30 A metal cylinder liner 10, illustrated in Figures 1 and 
2, for an internal combustion engine (not shown), defines 
a cylinder bore 11 with a surface 12. A top portion 14 of 
the cylinder bore surface 12 is contacted by piston rings 
(not shown) at a top portion of the piston stroke, top dead 

35 center, where the piston (not shown) reverses direction 
on a central axis 15. The top portion 14 of the cylinder 
bore surface 12 is a coarsely honed surface having a 
cross hatched finish characteristic of honing. A bottom 
portion 16 of the cylinder bore surface 12 is contacted 

40 by the piston rings at a bottom portion of the piston stroke 
where the piston reverses direction and is also a coarsely 
honed surface. The peaks of the coarsely honed portions 
1 4, 1 6 are flattened, or plateaued. A mid-portion 1 8 of 
the surface 1 2, disposed between the top portion 1 4 and 

45 the bottom portion 16, has a relatively smoothly, or finely 
honed surface. The coarsely honed surfaces of the top 
and bottom portions 14, 16 provide increased amounts 
of lubricants in these areas where the velocity of the pis- 
ton and the associated piston rings (not shown) is zero 

50 or near zero. The resultant deep valleys of the coarsely 
honed surfaces allow for some lubricant to be retained 
therein and additionally give resultant wear debris a 
place to go, reducing further wear. In the smoothly honed 
mid-portion 18, where the ring velocity across the sur- 

5S face 12 is relatively high, hydrodynamic lubrication ex- 
ists. Metal -to-metal contact is limited to asperity contact, 
and therefore a very smooth (plateau honed) surface in 
this center area offers reductions in asperity contact, 
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wear, and oil consumption. The combination of the 
coarsely honed surfaces 14, 16 at the ends of the liner 
10 with the smooth mid-portion 1 8 provides a hybrid sur- 
face 1 2 which optimizes engine performance in all areas. 

Exemplary values in micrometers for the coarse and s 
smooth surfaces are as follows: 





Coarse 


Smooth 


R pk 


.7 


.15 


R k 


2.0 


.4 


°vk 


5.0 


1.3 



R pk , and R k are established according to 

DIN4776, a surface measure standard well known to 
those skilled in the art of surface finish measurement. 
R pk is a roughness measurement of peaks of the sur- 
face, R y/k is a roughness measurement of valleys of the 
surface, and R k is a roughness measurement of a bear- 
ing surface. 

The hybrid bore surface 1 2 is achieved using a com- 
pound honing tool 20 configured as illustrated in Figures 
2-4. The compound honing tool 20 is functionally equiv- 
alent to three different honing tools in one. It has three 
different types of honing stones which are selectively ac- 
tuable. The stones are the cutting elements used for 
abrading material from the work surface of the cylinder 
bore 11 . A total of twelve stones, four of each type, are 
evenly spaced around a perimeter of the tool 20. The 
stones are distributed first, second, third, first, second, 
third, and so on, so that identical types of stones are uni- 
formly spaced from one other. The order of the stone dis- 
tribution is not particularly important, but it is important 
that identical stones be evenly spaced from each other 
to provide an even distribution of reaction forces against 
the honing tool 12. 

The honing tool 20 is adapted to selectively apply all 
of one of the first, second, and third types of stones. The 
various stones are biased radially inward by springs (not 
shown). Four identical stones, the first type of stones for 
example, are selectively biased radially outward simul- 
taneously by the application of pressure to the honing 
tool 20 through a fluid circuit (not shown). In this way, all 
four of the like stones can be applied while the other 
stones are held in a withdrawn position by the springs. 
By selective application of the stones of varying coarse- 
ness and lengths, the desired honing pattern on the cyl- 
inder bore surface 12 is achieved. 

A first exemplary set of stones is illustrated in Figure 
1 . A coarse stone 24 extends from a first edge 26 of the 
honing tool 20 to a second edge 28 of the honing tool 20. 
Adjacent and parallel to the rough stone 24, a medium 
stone 30 extends across a center or mid-portion of the 
tool 20, spaced from both the first edge 26 and the sec- 
ond edge 28. Adjacent the medium stone 30 is a smooth 
or fine stone 32, providing the third of the three stone set. 
The smooth stone 32 extends from the first edge 26 of 
the honing tool 20 to the second edge 28 of the honing 



tool 20. 

Honing tools are typically oscillated in an axial direc- 
tion in and out of the bore while rotating to achieve the 
characteristic cross hatching pattern associated with 
honing. With the present disclosure, the axial stroke 
would be limited to preserve the top portion 14 and bot- 
tom portion 16 of the cylinder bore surface 12 in a coarser 
condition than the mid-portion 1 8 of the surface. Addi- 
tionally, before the tool 20 is withdrawn from the cylinder 
bore, pressure within the honing tool 20 is relieved to al- 
low the stones to retract into the honing tool 20, thereby 
not impinging on the cylinder bore surface 1 2 during with- 
drawal. It is appreciated, of course, that the cylinder liner 
1 0 could also be rotated and oscillated about a stationary 
honing tool to achieve the desired surface finish, and that 
the rotating and oscillating functions can be separated 
between the honing tool 20 and the liner 10. 

In a honing tool 20' with an alternative combination 
of stones, as illustrated in Fig. 3, a first of the three stones 
in the set is a medium stone 34 extending from the first 
edge 26 to the second edge 28 of the honing tool 20'. 
The second stone is actually a combination of smooth 
and coarse stones. A central smooth stone 36 extends 
across the mid-portion of the tool 20', spaced from both 
the first edge 26 and the second edge 28 of the honing 
tool. Two relatively short coarse stones 38 extend from 
an outer edge of the smooth stone 36 to either the first 
edge 26 or the second edge 28 of the honing tool 20. 
The third stone is a smooth stone 32 extending from the 
first edge 26 to the second edge 28 of the honing tool 20*. 

In yet another alternative embodiment of the honing 
tool 20" illustrated in Fig. 4, the first stone is a medium 
stone 34 extending from the first edge 26 of the honing 
tool 28 to the second edge 28 of the honing tool 20". The 
second stone is a pair of short coarse stones 38 disposed 
at the first edge 26 and the second edge 28 of the honing 
tool 20" with a gap therebetween. The third stone is the 
smooth stone 32. 

Each of the alternative stone arrangements is con- 
figured to provide essentially the same relatively smooth 
mid-portion 1 8 and top and bottom portions 1 4, 1 6 having 
relatively deep honing grooves. Each of the alternative 
stone arrangements presented here follows an applica- 
tion of a rough stone against the surface with application 
of a smooth stone. This flattens or plateaus the peaks of 
the rough portions while leaving the deeper valleys in- 
tact, providing the sought after lubrication retention and 
communication characteristics in these portions 14, 16. 

By employing the described honing tool 20, 20', 20" 
with the specified stone arrangements, the desired hy- 
brid surface can be obtained using a single tool in a sin- 
gle operation, resultantly providing a surface which op- 
timizes both the wear characteristics and oil consump- 
tion characteristics of the cylinder bore. The resultant 
cross hatched honing pattern is distinctive from a pitted 
surface characterizing porous surfaces. While porous 
surfaces may be effective at retaining lubricating oil, they 
are less effective at transferring oil across the surface 
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than coarsefy honed surfaces with their characteristic 
cross hatched grooves. 

Preferred embodiments have been disclosed. A 
worker of ordinary skill in the art would realize, however, 
that certain modifications would come within the teach- 
ing of this invention. For example, it may be desirable to 
have just the top portion 14 of the surface 12 with a 
coarse surface. Likewise, it may be preferred to employ 
two separate honing tools, with a first being a compound 
honing tool with only eight stones, or two stones per set. 
A second honing tool would have a type of stone in it for 
serving as a follow up finish to the finish provided by the 
compound honing tool. This would allow the use of com- 
mercially available honing tools to minimize tooling ex- 
penses. The following claims should be studied in order 
to determine the true scope and content of the invention. 



Claims 

1 . An internal combustion engine cylinder bore surface 
comprising: 

at least one of a top portion of the bore surface 
and a bottom portion of the bore surface being 
coarsely honed; and 

a mid-portion disposed between the top por- 
tion and the bottom portion, said mid-portion being 
finely honed. 

2. An engine cylinder bore surface as claimed in claim 
1 , wherein both the top portion and the bottom por- 
tion are coarsely honed. 

3. An engine cylinder bore surface as claimed in claim 
1 , wherein peaks of the coarsely honed portions of 
the surface are plateaued. 

4. An internal combustion engine cylinder bore su rf ace 
comprising: 

a top portion of the bore surface being coarsely 
honed with peaks thereof being finely honed; 

a bottom portion of the bore surface being 
coarsely honed with peaks thereof being finely 
honed; and 

a mid-portion disposed between the top por- 
tion and the bottom portion being finely honed. 

5. A method of providing a cylinder bore surface with 
at least one coarsely honed end portion and a finely 
honed center portion comprising the steps of: 

boring a cylinder bore in a piece of metal defin- 
ing an axis therethrough; 

providing at least one honing tool with a plu- 
rality of selectively engagable cutting elements ori- 
ented parallel to the axis; 

disposing a plurality of fine cutting elements 
disposed across a mid-portion of the tool; 

providing a plurality of coarse cutting elements 



that extend axially from one end of the tool to at least 
the mid-portion; 

setting a predetermined rotational honing 
speed between the honing tool and the metal; 
5 inserting the honing tool into the cylinder bore; 

biasing the coarse cutting elements radially 
outward; 

biasing the fine cutting elements radially out- 
ward; and 

io oscillating axially the honing tool relative to the 

cylinder bore to provide a coarsely honed surface 
over at least one of a top portion of the bore surface 
and a bottom portion of the bore surface and a finely 
honed surface over a mid portion disposed therebe- 

15 tween. 

6. A method of providing a cylinder bore surface as 
claimed in claim 5, wherein the honing tool includes 
a plurality of selectively actuable stones of varying 

20 lengths and roughnesses. 

7. A method of providing a cylinder bore surface as 
claimed in claim 5, wherein the honing tool includes 
twelve honing stones with four each of first and sec- 

25 ond and third types of stones evenly spaced from 
each other about a perimeter of the tool with identical 
stones being evenly spaced from each other and 
selectively collectively biased radially outward. 

30 8. A method of providing a cylinder bore surface as 
claimed in claim 7, additionally comprising the steps 
of: 

providing a coarse first stone extending from 
a first edge of the honing tool to a second edge of 
35 the honing tool; 

providing a medium second stone extending 
across a mid-portion of the honing tool and spaced 
from both edges; and 

providing a fine third stone extending from the 
40 first edge of the honing tool to the second edge of 
the honing tool. 

9. A method of providing a cylinder bore surface as 
claimed in claim 7, additionally comprising the steps 

45 of: 

providing a medium first stone extending from 
a first edge of the honing tool to a second edge of 
the honing tool; 

providing a second stone having a pair of short 
50 coarse stones disposed at the first edge and the sec- 
ond edge of the honing tool with a gap therebetween 
across the mid-portion; and 

providing a fine third stone extending from the 
first edge of the honing tool to the second edge of 
55 the honing tool. 

10. A method of providing a cylinder bore surface as 
claimed in claim 7, additionally comprising the steps 
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of: 

providing a medium first stone extending from 
a first edge of the honing tool to a second edge of 
the honing tool; 

providing a second stone having a pair of short 
coarse stones disposed at the first edge and the sec- 
ond edge of the honing tool with a medium stone 
therebetween; and 

providing a fine third stone extending from the 
first edge of the honing tool to the second edge of 
the honing tool. 

11. A method of providing a cylinder bore surface as 
claimed in claim 5, additionally comprising the step 
of plateauing peaks of the coarsely honed portions 
of the surface. 
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